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Collagens and their derived gelatins contain
a certain amount of hexoses and hexosamines.
Previous studies have shown that these car-
bohydrates are present in larger amounts in
collagens from invertebrates than those derived
from vertebrate species (1, 2). The presence of
aldehydes in gelatins was reported by Landucci
(3). More recently, Gallop (4) demonstrated
in ichthyocol, the presence of an aldehydic com-
pound covalently bound to the collagen and
probably participating in the formation of in-
tramolecular cross-linkages. The main purpose
of this investigation was to determine the
amounts of hexoses, hexosarnines and alde-
hydic groups present in human dermal gelatins
and attempt to correlate these data with the
process of collagen aging.
MATERIALS AND METHODS
Skin specimens were obtained from the abdom-
inal wall of autopsy material, ranging in age from a
7 month male fetus up to a 77 year old man (Table
I). The skins were freed from the subcutaneous tis-
sue by careful dissection and the epidermis was re-
moved from the dermis by stretching and scraping.
The dermis was cut into small pieces, lyophilized
and converted into a fine powder by running it
through a Wiley micromill for about 5 seconds.
Aliquots of dermis were extracted with 0.15 N NaC1
(20 mI/gm dry weight) in a Virtis homogenizer for
15 minutes. The extract was centrifuged at 10,000
rpm, for 30 minutes, the supernant decanted and
The residue was then extracted with 0.1 N Na2-
HPO4, pH 8.9, to further remove the salt soluble
collagen and non-collagenous soluble proteins, in a
similar fashion as described above. The same pro-
cedure was repeated with citrate buffer, pH 3.8, to
remove the acid soluble collagen. The final residue
was washed several times with distilled water,
placed in dialysis against distilled water for 48
hours, and then autoclaved for 15 hours at 250°F,
20 pounds of pressure, to convert the insoluble
collagen into gelatin. After centrifugation, to re-
move the elastic tissue, the supernatant was filtered
through a fine sintered-glass filter, lyophilized and
labeled as gelatin. Several of these samples were
subjected to amino acid analysis by the method of
Piez and Morris (5); these samples showed the
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typical composition of collagen. In order to rule
out the presence of acid mucopolysaccharides, 3
gelatins were extracted by the method described
by Schiller et al. (6) and uronic acids esti-
mated by the carbazole method (7). Aliquots
of gelatins were hydrolyzed in boiling water
with 3 N HO for 5 hours and hexoses esti-
mated by the anthrone method. Hexosamines were
analyzed by the method of Boas (8). Aldehydes
were estimated directly on the gelatins and follow-
ing their digestion with 4 N HC1, at 108° for 15
hours, by the 3-methyl-2-benzothiazolone hydro-
zone test proposed by Sawicki et al. (9). A standard
formaldehyde solution was prepared by the method
described by Yoe and Reid (10).
RESULTS
The results are detailed in Table I. The con-
centration of 0.5% hexoses in human collagen
is similar to that reported in cow and certain
fish collagens but much lower than that seen in
certain invertebrates, such as, coelenterates
porifera, ascaris, earthworm, mollusca and
echinoderm (1, 2). Hexosamines were present
in a concentration of 0.06%, again similar to
that seen in vertebrates but lower than that
reported in invertebrate species (1, 2). This
figure is not an absolute one since some
hexosamines are probably lost during the proc-
ess of gelatinization. Hexosarnines seem to be
normal constituents of the collagen molecule
and not part of an acid mucopolysaccharide
since uronic acids were not present in the
gelatins. Their chemical arrangement in the
collagen molecule is unknown. The yield, of ap-
proximately two aldehydes per tropocollagen
molecule (M. W. 300.000) in human gelatins is
similar to that reported by Page and Benditt
(11) in salt soluble collagen from rat skin. The
estimation of free aldehydes in gelatins, with-
out previous hydrolysis, gave a slightly lower
yield.
COMMENTS
Collagen has been the target of numerous
studies concerned with the process of aging.
Verzar (12) has recently reviewed this sub-
ject and believes that since the rate of collagen
turnover is so low, collagen must undergo
changes as it ages, namely, it becomes more
cross-linked. In the present investigation there
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TABLE I
Hexases, hexasamines and aldehydes in human dermal gelatins
Age Sex Rexoses Rexosamines
Aldehydes
Rydrolyzed Non-hydrolyzed
mg/gm dry weight
7 months M 6.00 0.66 0.16 0.14
9months* M 6.00 0.40 0.14 0.12
24 years M 6.10 0.70 0-14 0.10
26 years M 5.85 0.53 0.16 0.11
34 years F 5.50 0.53 0.16 0.13
40 years M 5.42 0.48 0.15 0.12
58 years F 5.16 0.55 0.15 0.15
77 years M 5.00 0.66 0.17 0.10
Mean & standard 5.62 0.35 0.56 + 0.08 0.15 + 0.008 0.12 0.013
deviation
* Prenatal.
were no significant differences in the concen-
tration of collagen-bound hexoses, hexosamines
and aldehydic groups in the specimens analyzed.
The preseime of carbohydrates linked to
collagen is of interest as it relates to the
structure, cross-linkages and staining properties
of this molecule. The presence of small amounts
of sugars probably explains the mild reactivity
of collagen with the periodic acid-Schiff (LAS.)
stain. However, in sonie pathologic processes
collagen may stain strongly with the LAS.
stain. This was noted in scleroderina where
chemical analysis of the insoluble collagen re-
vealed a significant increase in bound hexos-
amines (13). More recently, the collagen of a
hyaline tumor, which was strongly LAS.
positive, revealed a marked increase in bound
hexoses and hexosarnines (14). We believe that
this line of investigation should be pursued in
other alterations of the connective tissue, such
as, rheumatic diseases, keloids, etc.
SUMMARY
Human dermal gelatins ranging in age from a
7 nionth fetus to a 77 year old male were sub-
jected to chemical estiniations of hexoses, hex-
osarnines aid aldehydes. Their concentration
remained stable during the process of aging.
The possible implications of the relationship
between collagen carbohydrate content and
P.A.S. reactivity is discussed.
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